ABSTRACT: This is a descriptive, retrospective study using a quantitative approach based on secondary data from records related to scorpion envenomation from the Notifiable Diseases Information System (SINAN -Sistema de Informação de Agravos de Notificação) from 2004 to 2014. The goal was to determine the frequency of scorpion envenomation in the eight territories of the state of Sergipe and to examine spatial differences and environmental influences on envenomation. The study was conducted in the state of Sergipe, Brazil and analysed the relationship between locations most affected by scorpion stings and anthropogenic changes. The following variables were analysed: month and year of the envenomation, territory, area of the envenomation and population according to Brazilian Institute of Geography and Statistics (IBGE -Instituto Brasileiro de Geografia e Estatística). Territorial changes were observed in the neighbourhood of Santos Dumont, in the municipality of Aracaju, that were caused by human occupation in the years 2003, 2009 and 2014. To analyse the climatic influences on the frequency of scorpion stings, we used the normal temperature and normal rainfall in the municipalities of Sergipe, especially in Canindé de São Francisco, Nossa Senhora das Dores and Aracaju, provided by the National Institute of Meteorology and Technology (INMET -Instituto Nacional de Meteorologia e Tecnologia). A total of 8021 accidents with poisonous animals occurred in Sergipe between 2004 and 2014, of which 5133 (63.99%) involved scorpions; 80% of scorpion envenomation in Sergipe occurred in urban areas, with significant differences in the distribution per zone between the territories (P<0.01). The territory of Grande Aracaju (87.9%) had the highest frequency on scorpion envenomation in urban areas, Alto Sertão (55.9%) had the highest frequency in rural areas, and the municipality of Aracaju had 58.11% of all cases of scorpion stings in Sergipe. The neighbourhood of Santos Dumont was the most affected in the municipality of Aracaju, with 219/2983 cases. Regarding preventive measures aimed at the population, it is recommended that individuals maintain cleanliness in the vicinity of their households, avoid accumulating construction waste, use wall coatings, use protective screens in drains and sewers, and seal septic tanks; individuals may also preserve the scorpions' predators.
INTRODUCTION
Scorpion stings are an important public health problem in tropical and subtropical countries.
In Brazil, the prevalence of cases is concentrated in the southeast, though there has been a significant increase in cases from the northeastern states, particularly Bahia, Rio Grande do Norte, Pernambuco, Alagoas and Ceará (BARROS et al., 2014 ) .
In Sergipe, scorpion stings have increased in the last decade. This may be related to the modification of territories as described by Mesquita et al. (2015) , who suggest that urban sprawl increases the accumulation of debris and garbage near houses, thus increasing the risks of scorpion proliferation.
Accidents in rural areas are assumed to be related to the destruction of natural areas for the exploitation of agribusiness. Wagatsuma et al. (2003) noted that intensive deforestation, with the substitution of planted areas, has devastated the regions of native forests and caused changes in local, regional and global environmental and climatic factors, such as temperature, soil moisture, and air.
The assessment of scorpion envenomation in the state of Sergipe can support decision-making to create interdisciplinary educational activities, both for the general population and for professionals from different areas, that consider territorial aspects.
The objective of this study was to determine the frequency of scorpion envenomation in the eight territories of the state of Sergipe according to demographic and climatic variables and to examine spatial differences in the events and processes that influence the accidents.
MATERIAL AND METHODS

Type of study
This was a descriptive, retrospective study using a quantitative approach based on secondary data drawn from reports of envenomation involving venomous scorpions in the Notifiable Diseases Information System (SINAN -Sistema de Informação de Agravos de Notificação) from 2004 to 2014.
Study area
The study was conducted in the state of Sergipe, located in northeastern Brazil, which occupies an area of 21915.116 Km² and had an estimated population of 2219574 inhabitants in 2014. The population is distributed in eight territories that form the basis for the planning of public policies, and these consist of Alto Sertão, Médio Sertão, Baixo São Francisco, Agreste Central, Leste, Grande Aracaju, Centro Sul and Sul (SERGIPE, 2007) .
Data collection
Secondary data were collected from records of scorpion envenomation in the SINAN from 2004 to 2014 that were obtained from the State Department of Health of Sergipe.
The data were stratified according to the territories of Sergipe. The following variables were analysed: year and month of the accident and territory and area of the envenomation (urban, rural and peri-urban) . We calculated the absolute and relative frequencies of scorpion stings for the territory.
To analyse the relationship between locations most affected by scorpion envenomation in the state of Sergipe and anthropogenic modifications, the neighbourhood of Santos Dumont (10 o 89'S and 37 o 09'W), which is located in the municipality of Aracaju (10 o 54'S and 37 o 04'W) in the territory of Greater Aracaju, was used as an example. This neighbourhood was chosen because it has the highest frequency of scorpion envenomation in the most affected municipality of Sergipe and because the availability of maps over time allow adequate visual definition to characterize territorial changes over the period of 2004 to 2014.
The profiles of poisonous animal envenomation vary between territories and between urban and rural areas, and scorpion stings are uncommon in rural areas. Therefore, we initially tried to scale the human population at risk of poisonous animal envenomation, especially for scorpion stings in each area and territory of Sergipe, using population data from 2010 (Table 1 ) and a survey of the dynamics of these populations. Descriptive analysis and analysis of variance were performed, depending on the prerequisites and suitability, using one-factor ANOVA with the post hoc Sidak or Kruskal-Wallis test. We calculated the Pearson correlation coefficient between the frequency of scorpion stings and changes in temperature and rainfall. All tests were performed with 95% confidence (p <0.05).
Ethical aspects
The study was approved by the Research Ethics Committee of the University Tiradentes, with CAAE 39543814.3.0000.5371 and document number 946982.
RESULTS AND DISCUSSION
Despite the existence of other information systems that record data on poisonous animal envenomation, including the National System of Toxic-Pharmacological Information (SINITOXSistema Nacional de Informações Tóxico-Farmacológicas), it was decided to use the SINAN because it is more comprehensive and has the ability to collect information from all state health services (BOCHNER, 2013) , while the SINITOX collects information only from the Center for Information and Toxicological Assistance (CIATOX -Centro de Informação e Assistência Toxicológica) (MESQUITA et al., 2015) .
Between 2004 and 2014, there were 8021 cases of poisonous animal envenomation in Sergipe, most of which involved scorpions; scorpion accidents were more common than snake accidents (Table 2) . Regarding the frequency of scorpion envenomation in relation to accidents with all poisonous animals, similar results were found in other studies in the northeast of Brazil, where scorpions envenomation in Pernambuco and Rio Grande do Norte States were 60.3% and 65.4%, respectively (ALBUQUERQUE et al., 2013; BARBOSA, 2014) . A study conducted in Sergipe by Mesquita et al. (2015) found a similar situation (64.79% of cases) using CIATOX data from 2002 to 2012.
The current distribution of the population in urban and rural areas is the result of historical processes in Sergipe where a rural exodus was caused by climatic, economic and political factors in certain regions.
These historical demographic factors can help to explain the relationship between the human population distribution in the territories and the rural and urban location of poisonous animal envenomation, especially those involving scorpions. This can also aid in understanding the preventive, curative and administrative aspects of these accidents.
In Sergipe, scorpion stings have increased in the last decade (Figure 1 ), and this may be related to the uncontrolled growth of urban areas and the consequent increase in debris accumulation and waste near houses (MESQUITA et al., 2015) . In the last 40 years, the urban population has overtaken the rural population of Sergipe; in 1970, 46 .24% of the population of Sergipe lived in cities, and this increased to 73.51% in the 2010s (IBGE, 2016) . The results show that from 2004 to 2014 in Sergipe, most scorpion accidents in all territories except Alto Sertão and Centro Sul occurred in urban areas (Table 3 ). In Brazil, the frequency of scorpion envenomation in urban areas is 61.7% (RECKZIEGEL; PINTO, 2014) . A previous study by Mesquita et al. (2015) using the SINITOX found the frequency of this type of envenomation to be 90.3% in Sergipe.
The area where scorpion stings occurred differed significantly between regions (F = 190.835 and p<0.001, Table 3 ). The territories of Grande Aracaju had a higher frequency relative to urban areas. The opposite occurred in the territory of Alto Sertão, which had a higher frequency in countryside and had the highest percentage among peri-urban areas. Differences statistically significant were found between the absolute frequency of scorpion envenomation in various zones within territories (F=10.8269 and p<0.001). These differences occurred gradually, and their evolution can be seen in timeline distribution of cases in the state ( Figure  2 ). The territory of Grande Aracaju had high relative frequencies and maintained high rates over the study period. Between 2004 and 2014, the municipality of Aracaju reported 2983 of the 5133 (58.11%) scorpion bites in the state of Sergipe, and the Santos Dumont neighbourhood had the highest number of incidents recorded, 7.60% of the cases (219/2983).
The observation of the dynamics of human population development in areas affected by scorpion envenomation was based on the population database available through the IBGE and was calculated as the rate of population growth in the city of Aracaju and its most affected district (Table  4) . According to Table 4 , the growth rate of the population of Aracaju was higher than that in the Santos Dumont neighbourhood in the analysed period, although the relative population growth was impacted by changes in the physical space of the localities that caused changes in the environment, as seen in Figure 3 . When analysing the images, it is clear that the population of the territory altered the natural spaces according to their needs, thereby generating environmental changes. An understanding of historical population movement is important for assessing the impact in the suburbs of the municipality most affected by scorpion stings, and this allows equivalent analysis throughout the territory of Grande Aracaju.
Until the 1970s, agriculture was the main economic activity of Sergipe. Since then, several investments have increased participation in the industrial sector, which has altered the composition of the Gross Domestic Product (GDP/PIB -Produto Interno Bruto). This growth generated socioeconomic and spatial changes with increasing expectations of the provincial population of the State for better living conditions, which intensified migration to the capital of Sergipe and its vicinity. Thus, in 1980, 54.2% of the population of Sergipe lived in urban areas, mainly in the municipality of Aracaju and its surrounding municipalities, while in 1970, 53.8% of the population of Sergipe lived in rural areas (FEITOSA, 2014) .
According to Nodari; Leite; Nascimento (2006), population growth in urban areas resulted in a housing shortage and economic inability to accommodate this population in the capital, which caused expansion to more peripheral areas. This generated significant environmental changes. The illegal occupation of areas led to poor housing conditions, which caused proliferation of arachnids and a consequent increased risk of envenomation (SPIRANDELI-CRUZ; YASSUDA; BARRAVIERA, 1995).
Heavy residues often accumulate on houses and buildings that lack external finishing or coated walls. Poor infrastructure and sanitation facilitate the spread of cockroaches and other insects, which provide rich food sources that encourage scorpion proliferation.
The territory of Grande Aracaju has the largest concentration of the population residing in urban areas. The risks related to scorpion accidents differ from the risks in territories with large rural populations, such as Alto Sertão.
In urban areas, disorganized human occupation interferes with scorpion proliferation. In rural areas, other issues such as agricultural activities, low technology use, advancement of the agricultural frontier that destroys natural areas and climatic factors can influence poisonous animal accidents, including scorpion envenomation.
In some territories, the accident profile in rural areas is related to aspects of agriculture, and precisely to the production of these places. For example, in Centro Sul, most accidents occur in rural areas despite a large urban population. In other territories, such as Agreste Central, family farming has a strong impact on the local economy (ALMEIDA; JESUS; VIEIRA, 2013). In particular, the city of Itabaiana and its surrounding municipalities are large producers of fruits and vegetables.
In many regions of Brazil, family farming is the predominant form of production, and this is essential for local economies (SANTOS, 2001 (COSTA, 2012) .
Among the scorpion envenomation that occurred in Sergipe, the territory the Alto Sertão had the highest frequency relative to rural areas (55.9%), but in absolute numbers, it had 34 cases over 11 years; the territory of Médio Sertão had 32 cases, and these two areas had the fewest number of scorpion envenomation in the state.
Seeking possible reasons for the differences in absolute frequencies in these territories, we compared temperature and rainfall between the cities of Aracaju (Grande Aracaju), Canindé do São Francisco (Alto Sertão), and Nossa Senhora das Dores (Médio Sertão).
The municipality of Aracaju has a temperature between 26.9 o C and 30.8 o C (mean of 29.01±1.34°C) and periods of regular rainfall throughout the year that intensify between April and August (between 103.91 mm and 240.80 mm); the annual volume is 1136 mm (mean of 94.74±66.36 mm). It is noteworthy that the absolute frequency of scorpion envenomation in Aracaju remained relatively constant, ranging from 213 to 272 cases over 12 months (mean of 248.58±19.44 cases). According to the classification of Köppen, Aracaju is defined as tropical rainy (As), where the lowest average temperature of the year is always higher than 18°C and where strong annual rainfall is in excess of evapotranspiration. The correlations between scorpion stings and changes in temperature and rainfall in the city of Aracaju, although positive, were not significant (r = 0.3579; p = 0.2533 and r = 0.0385; p = 0.9054, respectively).
The municipality of Canindé do São Francisco has the highest average temperature in the three municipalities evaluated, ranging from 28.04°C to 33.26°C (mean of 31.01±1.89°C). The Köppen classifies the region as arid steppes (BSh), where average annual temperature is greater than 18°C, where desert areas or semi-deserts are present, and where evapotranspiration exceeds precipitation; it has the lowest rate of rainfall, ranging between 12.20 mm and 80.60 mm, and its total volume of annual precipitation does not exceed 600 mm (mean of 47.98±23.03 mm). The absolute frequency of scorpion envenomation in Canindé do São Francisco ranged from 0 to 4 cases over 12 months (mean of 2.17 ± 1.53 cases). Temperature correlated negatively with scorpion envenomation (r = -0.4195; p = 0.1747), while the precipitation showed the opposite behaviour (r = 0.3114; p = 0.3246).
The city of Nossa Senhora das Dores had a greater temperature change than Aracaju but similar rainfall, while the rainfall was relatively higher and the temperature index was lower (mean of 30.08±1.94°C) than in Canindé do São Francisco. The Köppen classifies the region as tropical, with winter and autumn rainfall (As'), temperatures above 18°C, and rainfall exceeding evapotranspiration. Its rainy season, between April and August, produces monthly rainfall between 118.41 mm and 183.64 mm, with annual volumes of 1117 mm (mean of 93.15±57.61 mm). The absolute frequency of scorpion stings in Nossa Senhora das Dores ranged from 0 to 5 cases over 12 months (mean of 2.00 ± 1.76 cases). As in Canindé do São Francisco, the correlation between scorpion envenomation and temperature was negative (r = -0.2058; p = 0.5209), while the correlation with rainfall was positive (r = 0.1763; p = 0.5836).
The negative correlation between the frequency of the scorpion stings and the temperature of territories located in the Sergipe hinterland shows that envenomation may be less likely during hot times of the day or year. The seasonality of scorpion envenomation in the northeast is directly linked to reproductive and dietary aspects (OLIVEIRA; WEN; SIFUENTES, 2009), although Araújo et al. (2010) state that there is a relationship between rainfall and the presence of scorpions on the soil surface, which facilitates their encounter with humans.
Pinto-da-Rocha et al. (2007) found an association between the dry season and scorpion reproduction, with the rainy season corresponding to the embryonic period. Scorpions are most active in wet locations (BRASIL, 2009) , and in dry conditions they only come out of hiding when it is necessary to seek food or for reproduction, being more frequent, in these situations, at night (VACHON, 1952) .
The lower frequencies of scorpion envenomation in the municipality of Canindé do São Francisco may be related to low rainfall index, high temperature or the presence or absence of species that are hazardous to humans. While these accidents may not represent a significant number of all the cases in Sergipe from 2004 Sergipe from to 2014 of the cases occurred in the territory the 1419 Spatial temporal study of scorpion… ALMEIDA, C. A. O. et al. Alto Sertão, highlighting the relative importance of this municipality within the territory. Canindé do São Francisco had the most cases of any municipality in its territory, and it should be noted that it borders the state of Alagoas, which has one of the highest incidence of scorpion envenomation in Brazil (BRASIL, 2009) . Of course, we are unable to list all relevant events in this city and in the neighbouring state.
It appears that other elements may cause the differences in the frequency of scorpion stings, as the weather conditions are similar in the cities of Nossa Senhora das Dores and Aracaju. The difference may be due to the size of the cities' urban populations, the adaptability and living conditions of scorpion species living in each place, the level of natural environment preservation, the presence of prey and predators, and the reproductive capacity of the scorpions.
The expansion of the human population allows increases among harmful species of scorpions, as with the destruction of natural environments creates space for opportunistic and adaptable species that occupy the empty niches left by the reduction or disappearance of species that previously lived there in equilibrium. These opportunistic species, given these conditions created by urbanization, tend to reproduce more quickly and increase their population, which heightens the risk of scorpion stings (LOURENÇO et al., 1996) .
Behaviour of the scorpion species in Sergipe is unknown, and there are no specific publications related the scorpion ecology in the state. This study found an increase in absolute frequencies of scorpion envenomation in Sergipe between 2004 and 2014; we investigated the relationship between population density and concentration of scorpion stings and found that increasing human populations were related to the destruction of the scorpions' habitat. Unfinished walls within homes and the accumulation of building waste near residences were common in areas with a high frequency of scorpion envenomation. Additionally, rainfall was positively associated with scorpion stings, while high temperatures in warmer regions of the state are related to fewer scorpion envenomation.
Field studies are needed to identify and locate the species of scorpions, as there is a lack of knowledge about the distribution of these animals in Sergipe.
Education of the population and professionals from various sectors, especially the health sector, on the impact on health promotion and prevention of poisonous animal accidents is important for better protection of people and the environment.
Preventive measures aimed at the population, such as maintaining cleanliness around households, removing construction waste/debris, lining walls, avoiding cavities that could serve as hiding places for scorpions and other animals and using protective screens in drain sewers and maintaining sealed septic tanks, in addition to the proper use of personal protective equipment by farm workers, should be adopted.
It is also important to preserve the natural predators of scorpions, especially owls, lizards, frogs and others, and to recognize that scorpions only attack people when they are defensive, which puts the burden on people to prevent encounters.
RESUMO:
Estudo descritivo, retrospectivo de abordagem quantitativa com base em dados secundários, extraídos das notificações de envenenamentos por escorpião no Sistema de Informação de Agravos de Notificação (SINAN) no período de 2004 a 2014. O objetivo foi determinar a frequência de envenenamentos por escorpiões nos oito territórios sergipanos, verificando as diferenças espaciais nas ocorrências e as influências ambientais sobre os envenenamentos. O estudo foi realizado no Estado de Sergipe, Brasil, e analisou a relação entre localidades mais acometidas por acidentes escorpiônicos e modificações antrópicas. As variáveis analisadas foram: ano e mês do envenenamento, território, zona de ocorrência e população segundo Instituto Brasileiro de Geografia e Estatística (IBGE). Verificaram-se as modificações territoriais no bairro Santos Dumont, no município de Aracaju, causadas pela ocupação humana nos anos de 2003, 2009 e 2014 . Para analisar as influências climáticas nas frequências de envenenamentos por escorpiões, utilizou-se as normais de temperatura e normais de pluviosidade dos municípios de Sergipe, em especial Canindé do São Francisco, Nossa Senhora das Dores e Aracaju, fornecidos pelo Instituto Nacional de Meteorologia e Tecnologia (INMET). Verificou-se a ocorrência de 8021 casos de acidentes com animais peçonhentos em Sergipe no período entre 2004 e 2014, dos quais 5133 (63,99%) envolveram escorpiões; 80% dos casos de acidentes escorpiônicos em Sergipe, ocorreram em zona urbana, com diferenças estatísticas na distribuição por zona entre os territórios (p˂0,01). O território da Grande Aracaju (87,9%) apresentou a maior frequência de envenenamentos em zona urbana; o Alto Sertão (55,9%) obteve a maior frequência em zona rural; o município de Aracaju concentrou 58,11% de todos os casos de acidentes escorpiônicos de Sergipe. O bairro Santos Dumont foi o mais acometido do município de Aracaju com 219/2983 casos. Em relação às medidas preventivas voltadas à população é recomendável orientar sobre a manutenção da limpeza no entorno dos domicílios; evitar resíduos de construção civil; realizar o acabamento das paredes através de revestimentos; utilizar telas protetoras nos ralos de esgotos e manter fossas sépticas lacradas, além de preservar os predadores dos escorpiões.
